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(54) Generating a slurry by shearing teemed molten 
metal 

(57) A metal slurry is generated from a liquid metal being 
teemed by applying a high rotary shear rate in the region 
of a solidification front thereof. The metal is teemed 
through an annular apparatus and either the inner or outer 
wall of the annulus can be cooled and rotated. In Fig. 1 
the slurry generator has a static core 2 surrounded by a 
rotating outer drum 3 with the liquid metal flowing through 
the annular space 1 1 therebetween. The outer drum is 
rotated at a speed so as to create a shear rate of greater 
than 5N/m 2 at the liquid front. The creation of a high shear 
stress and shear rate in the liquid metal adjacent the 
solidification front of the metal contributes to the formation 
of a slurry by promoting the formation of dendretic solids in 
the liquid metal and by increasing4he rate of heat flow out 
of the metal. 



FIG. 1. 
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LIQUID METAL PROCESSING 



I 

2263429 



This invention relates to a method of processing liquid metal, 
and in particular to the production of a slurry of solids in the 
parent liquid metal. In casting liquid metal it is well 
established that casting a slurry has advantages in that the 
casting or soldification structure is more homogeneous. Various 
methods of heat extraction from the liquid metal to create a 
slurry as it is teemed into the mould have been suggested, and it 
is an object of the present invention to increase the heat that 
may be removed from a liquid metal as it is teemed thereby as 
well as mechanically promoting the creation of a slurry. 

According to a first object of the present invention there is 

provided a method of generating a slurry from a liquid metal 

being teemed wherein a high rotary shear rate is applied to the 

metal in the region of the solidification front. The 

solidification front may be generated as a result of the cooling 

of the metal as it is teemed. The metal may be teemed through an 

annular passage way and the high shear rate may be applied by the 

rotation of the inner or outer wall of the annulus. The 

solidification front may be generated by cooling the wall of 

the annulus that is rotated. The shear rate preferably exceeds 5 
2 

N/m , and the high shear rate may be operative to promote the 
creation of dendritic material in the solidification zone. 

The invention will now be described by way of example and with 
reference to the accompanying drawings of which Figures 1 and 2 
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show alternative forms of slurry generator. Turning now to 
Figure 1, a stream of liquid metal passes in the direction shown 
by the arrows 1 under gravity. It flows through an annular 
slurry generator which is shown in the figure in section. The 
slurry generator has a static core 2 and is surrounded by a 
rotating' outer drum 3. Non-rotating water sprays 4 cool the 
wall of the drum adjacent the liquid metal and the drum is 
rotated by rotation gear 5. Drainage 6 and an overflow 7 are 
also provided and the drum is protected at the top where the hot 
metal initially enters it by a refractory liner and funnel 8. 
The drum has a refractory exit nozzle 9 and the slurry exits 
through a stream collector 10. 

The operation of the slurry generator is straightforward. The 
liquid metal flows through the annular space 11 between the 
static core and the outer drum, and is cooled by its contact 
with the outer drum; the solidification front thereby generated 
is shown at 12 near the outer drum wall where the solidified 
shell 13 meets the liquid 14. The outer drum is rotated 
continuously or reciprocated in a rotary manner and the speed of 
rotation of the outer drum is "arranged so as to create a shear 
rate of greater than 5N/m 2 3 at this front. Because the outer 
drum is cooled as well as being rotated the highest shear rate 
(which is adjacent the rotating element) is also the region of 
the solidification front. 

This arrangement of a rotating cooled shell to the annular 
apparatus is effective in three separate ways to increase the 
formation of a metallic slurry. 
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In the first place the formation of dendritic particles is 
increased by high shear stresses, and it is believed from 
experimental work that a shear stress of greater than 5N/m 
is preferable for the formation of such dendritic debris. This 
debris being solid particles suspended in the liquid directly 
mechanically contributes to the formation of the slurry. 

In the second place, a high shear rate is known to improve the 
heat flow through the region. The rate of heat removal is thus 
maximised in the region of the solidification front, and thus 
the heat is conducted more efficiently to the cool surface. 

Experimental results are given in Transactions ISIJ, Vol 28, 
1988, pp 939-944, by Kobayashi et al . Figures 5 and 7 of that 
paper are particularly relevant. 

Finally, it is believed that a high shear rate and thus a high 
rate of heat transfer contributes to the minimising of what is 
called the skull. The skull is the solidified metal which 
accumulates on cooler surfaces in metallurgical apparatus. This 
smaller skull in itself helps the transfer of heat by ensuring 
that the liquid metal is near to the cooled surface than would 
otherwise be. 

Turning now to Figure 2 the inner, not outer, part of the annulus 
is rotated (continuously or reciprocated) and cooled. Thus the 
maximum shear stress is again applied to the liquid metal in the 
region of the solidification front. In Figure 2 the melt flows 
in the direction shown by the arrows 20 into a melt reservoir 21 
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and through a formed of an insulating refractory 22 until it 
emerges at 23, The rotor on the inside of the annulus is a 
shell 24 which may be of the type generally known as a stopper 
rod, and has a wear and abrasion resistant stopper rod end 25. 
The main part of the stopper rod is formed of a high 
conductivity material 26 and at 27 is a cooling medium which is" 
maintained cool by means not shown (for example internal water 
cooling chambers may be used internally). The solidification 
front 28 is shown between the solid material 29 and the liquid 
material 30. 

The effect on the liquid metal is the same as described with 
reference to Figure 1. A high shear stress is formed adjacent to 
the cooled surface, thus to create dendritic debris, and 
sufficient cooling by increasing the heat transfer rate through 
the increase of this parameter with shear stress is achieved. 
Other methods may be employed to enhance the shear rate or 
relative solid/liquid velocities in the region of the 
solidification front such as profiling of the surfaces exposed 
to the metal, since the vertical flow rate of the metal also 
contributes to the shear rate. 
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CLAIMS 

1. A method of generating a slurry from a liquid metal being 
teemed wherein a high rotary shear rate is applied to the 
metal in the region of a solidification front thereof. 

2. A method as claimed in claim 1 in which the solidification 
front is generated by the cooling of the metal as it is 
teemed. 

3. A method as claimed in any preceding claim in which the metal 
is teemed through an annular passage way and the shear rate is 
applied by the rotation of one wall of the annul us. 

4. A method as claimed in any preceding claim in which the 
solidification is generated by the cooling of the rotating 
annular wall . 

5. A method as claimed in any preceding claim in which the shear 

2 

rate exceeds 5N/m * 

6. A method as claimed in any preceding claim in which the shear 
rate is operative to promote the creation of dendretic 
material in the region of the solidification front. 

7. Apparatus for generating a slurry« : i.n., a .liquid .metal being 

teemed therethrough comprising an annular passage way having a 

rotatable cooled wall in which the said wall is rotated to 

2 

apply a shear rate exceeding 5N/m ' 
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